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A MODEL OF SYSTEMSINTEGRATION
TO FACILITATE ITSDEPLOYMENT

PROJECT BACKGROUND

The FAST-TRAC (Faster and Safer Trave through Traffic Routing and Advanced Controls) Intelligent
Trangportation Systems (ITS) Fied Test in Oakland County, an urbanized county in metropolitan
Detroit, represents alarge and successful systems integration effort that ties together traffic survelllance,
signd control, and traffic information systems that have not previoudy been integrated. The lessons
learned through the successful FAST-TRAC integration process can be vauable to others engaged in,
or contemplating I TS deployments.

A mgor emphasis of the FAST-TRAC Fied Test was the development and implementation of a Traffic
Information Management System (TIMS). The god of TIMS isto integrate traffic-related information in
pursuit of improving road operations and traveler services information within the project area. Upon
integration, the various TIMS subsystems become interactively linked, and therefore adlow TIMSto act
as a centrd system for data collection and dissemination. TIMS enables RCOC to monitor traffic
conditions throughout Oakland County and to provide red-time traffic informetion.

The Road Commission asked the University of Michigan to evauate various aspects of TIMS. The
evauation condgted in part of a Systems Integration Study, which describes the systems engineering and
integration process as applied to TIMS. This effort included a case study that identifies the process
employed during the TIMS system integration effort in terms of timeline, milestones, activities,
ddiverables, and gpplicable decisons. A specid focus of the case study is on difficulties encountered
and solutions developed, i.e., lessons learned. The case study itsalf has been published as a separate
report (1, 2). Thelessons learned from the case study were combined with time-tested concepts from
the literature (3, 4, 5) to develop aModd of Systems Integration to Fecilitate I TS Deployment.

The god of the Systems Integration Modd isto help State and local transportation planners and
managers deploy ITS by derting them to potentid systems integration issues and solutions. Moreover,
g&ff in private sysems integration houses should aso find the Modd ussful in better understanding and
meeting the needs of the public agencies. Simply put, the discusson spurred by the Modd should
promote a mutua understanding between the public agencies and private companies, which often have
different perspectives on the integration process. The systems integration model is the topic of this

report.

THE NEED FOR A MODEL OF SYSTEMSINTEGRATION



A dgnificant number of Intelligent Trangportation Systems (ITS) operationa tests and deployments
nationwide have been delayed, and in some cases jeopardized, due to systems integration problems,
particularly in the software development area. The many difficulties faced in deploying ITS can be
summarized in three main points:

o Firg of dl, an ITSis composed of numerous digparate e ements and s0 a systems integration effort is
essentid to deployment success. However, the systems integration process is complex in and of itsalf
and involves numerousindividua components thet are dissmilar, eg., in data flows, communications
protocols, and physical connectivity.

* Second, the staff of the government transportation agencies that fund most I TS deployments often
ether have little background in and/or experience with ITS and/or the systems integration process.

* Third, in the past, public agencies and systems integrators have not deglt with one another on aregular
bags, if a dl. Thislack of ahistory of working together can lead to miscommunication and perhaps
migtrust, both of which hinder the success of integration efforts. An illudtration of this concept is
evident in the words of one participant in the FAST-TRAC process. “It is easy to integrate systems,
but it is difficult to integrate companies.” Inditutiond integration is key to successful system integration
in amulti-organization project such as represented by I TS efforts.

Since mgor ITS deployments will continue to require asgnificant level of integration, public agency staff
need guidance with the systems integration process so that they can successfully face these problems. At
the same time, systems integration contractors need guidance as to how they can better understand and
serve thair public agency dients. In short, adisciplined approach that coordinates the traditions of traffic
management with those of systems engineering and integration must be required by funding agencies and
adhered to by project managers and systems integrators.

THE SYSTEMSINTEGRATION MODEL

The effort to develop the systems integration mode began with a case study of the successful FAST-
TRAC TIMS system integration efforts. As part of the case study, the authors identified a series of
lessons learned from the TIM S deployment about prerequisites for a successful systems integration
effort. These lessons, which are from the point of view of the government agency, were gleaned from
the comments of project participants during a series of interviews and a focus group sesson. Comments
were generdized to a certain extent, so the lessons represent a summary of issues that might be useful to
future system integration projects. The lessons, which are further described in the TIMS Case Study (1,
2), are categorized as:

* |dentify and empower (adequate staffing, funding, and political backing) a project champion,

* Get theright parties involved (Sgn up capable and committed partners, ensure that each partnering
organization has competible goals and a sufficiently powerful project champion),
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* Secure long and short-term funding,

* Establish appropriate project control mechanisms to facilitate team communication, cooperation, and
the integration process (during set up, to prepare timing and coordination of schedules, to establish
rewards and punishments, and to ensure adequate documentation), and

* Follow standard systems integration practices (set clearly stated, redigtic but visionary gods, agree on
a philosophy and gpproach, plan in adisciplined way with aview to deployment, and emphesize
interoperability).

» Although not raised during the fact-finding portion of the lessons learned study, and teken asa*“ given”
in most work, the most basic of al lessonsis the need to collaborate with al stakeholders to recognize
the true nature of the problem. Moreover, public outreach is needed, if not to promote the project,
then at least to avoid public confusion about the god's and methods of the project. The latter point
came home early on in FAST-TRAC when the public attributed an unpopular change in the left turn
regulation at traffic lights (from permissive to protected) to the FAST-TRAC effort.

The model development effort combined these lessons learned with principles of systemsintegration
from the literature (3, 4, 5) to produce a model that describes a generdized approach to systems
integration. Specificaly, the modd illugtrates the systems engineering process and highlights specific
issues that may need to be dedlt with and potentia dependencies (tempord and substantive) that may be
faced.

Asillugrated in Table I, four Phases and eight Steps define the Systems Integration Modd. Moreover,
Steps 1 through 4 can be called the Preparation Stage of the process and Steps 5 through 8 can be
cdled the Integration Stage. The intersection of Steps and Phases define 32 individud “cells’. Each cdll
describes an activity required a a given point in the systems integration process.

The Modd can dso belaid out in a perhgps more intuitively appedling spird, as shown in Figure 1
where the four Phases are depicted as (pseudo) rings labeled with Roman Numeras and the eight Steps
are depicted as pie diceslabeed with Arabic numerds. The activities represented by the cdlls are thus
laid out in a sequentia manner dong the spird. That isto say, the modd is“read” as a sequentia set of
activities (the 8 Steps repeated in each of 4 Phases) that spird into the bulls-eye of a successfully
operating system. However, many portions of the integration process are interwoven and both
smultaneous activity between cells and cycling between cdlls are common. To follow the process, dart
at the bottom left sde of the systems integration spird and proceed clockwise.

Table|: Contents of the Systems Integration Model

Phase
Sege Step l. Il. 1. V.
Pamning | Desgn | Deployment | Operations
Preparation | Step 1. Situation Audit Cdl1l Cdl 9 Cdl 17 Cdl 25
&€ ["gep 2. Needs Andysis Cdl2 | Cdl10| cCdl18 Cell 26




Step 3. Approach Identification Cdl3 | Cdl 11 Cdl 19 Cdl 27

Step 4. Resource Identification Cdl4 | Cdl 12 Cdl 20 Cdl 28

Step 5. Semantic Integration Cdl5 | Cdl 13 Cdl 21 Cdl 29

Integration | Step 6. Functiond Integration Cdle | Cdl 14 Cdl 22 Cdl 30
Sage | Step 7. Technica Integration Cdl7 | cdli5| cCdl23 Cdl 31
Step 8. User Integration Cdl8 | Cdl 16 Cdl 24 Cdl 32

ONG ELING TR

INTEGRATION
Figure 1: Graphica Spird Form the Systems Integration Model

The following three sections will detail the Phases, Steps, and Process (in terms of the activity within
cdls) of the systems integration modd. Before moving on, however, a brief word needsto be said on
“overarching” issues and stakeholders, which are two topics that are closdly linked to the modd.

In addition to the 32 cells portrayed, the modd aso includes three significant overarching issues:
champions, communication, and cooperation. The concept of champions includes project vison and




god setting, planning, and the ability to acquire adequate resources and maintain relationships and
timdines. The need for communication should be obvious, but this need aso includes clear and concise
documentation in aformat accessible to and understandable and easily used by dl parties involved.
Similarly, cooperation is essentia and requires an explicit and mutually agreesble project organization
and management approach (contract management plan), including statements of budgets, affing
requirements, ddivery schedules, and other project control mechanisms, such as tracking and
accounting requirements and incentives and pendties. These issues affect each cell of the model and
must receive due consideration throughout the process for the systems integration effort to be
successful.

The model dso includes the three levels of stakeholders that are involved in the systems integration
process. These stakeholders areillustrated in Figure 2. Firs, the operating agency (or agencies), the
systems integrator, and the vendors are directly involved. These are the organizations that put the system
together and make it work. Second, service providers (public or private), other loca agencies, and state
and regiona agencies are dso involved. The service providers may be essentid channdlsfor the
digtribution of project information or may wish to purchase data generated by the project. Smilarly,
other loca agencies, e.g., other parts of the county government implementing the project or an agency
within an adjacent county, may wish to use the system or data. An opportunity may aso exist for the
project to set afoundation for broader developments, such as establishing a common geographic
information system that a wide spectrum of related agencies can use. The state and/or regiond agencies
may have been the origina (or pass through) source of project funding, and these agencies may wish to
either have ahand in deployment decisions and/or have access to the systems and data. The third level
of sekeholdersisthe citizenry, whether directly or indirectly affected by the system being implemented.
Input from this group is aso an essentid component of the process.



Figure 2: Stakeholders in the Systems Integration Process

SYSTEMSINTEGRATION PHASES

As noted above the Systems Integration Modd is divided into four phases. Planning, Design,
Deployment, and Operations. Each Phaseis divided into a Preparation Stage (top hdf of the spird
model) and an Integration Stage (bottom half of the spird model). The Preparation Stage is composed
of thefirg four Steps of the integration process (Situation Audit, Needs Analysis, Approach
Identification, and Resource Identification), which lay the foundation for the Integration Stage. The
Integration Stage is composed of the last four Steps of the integration process (Semantic Integration,
Functiond Integration, Technica Integration, and User Integration), which bring the efforts of the
Preparation Stage to fruition. The Deployment and Operations Phases are separated by a System
Kickoff, which in essence covers the Situation Audit and Needs Andysis Steps. The System Kickoff is
the time of adjustment and shakedown that commonly follows deployment of a new system. The four
phases are described below.



Phase 1 — Planning

The end result of Preparation Stage of this phase is a strategic plan, including identified funding sources,
and the release of a Request for Proposdl. The end result of Integration Stage of this phaseisa
deployment team and one or more signed contract(s).

Preparation Stage — Develop Strategic Plan and Request For Proposal (RFP): Activitiesin this stage lay
out the problem, goals, and resources in broad terms. The four stepsin this sage are: perform initia
Stuation audit, set goal's and acceptance requirements, research and identify available gpproachesto
solving the problem, and secure long and short term funding.

Integration Stage — Build Team: Activities in this stage include reviewing responses to the RFP and
negotiating with potential partners. The four stepsin this sage are: identify and sound-out potentia team
members, structure team roles and relationships, define procedures and duties, and sign contract(s)
between public agency/agencies and systems integrator(s).

Phase 2- Design

The end result of this phaseisafind decision on approach (Preparation Stage) and a complete set of
system specifications and detailed work plan (Integration Stage).

Preparation Stage — Select System Approach: Activitiesin this stage focus on careful definition of
system requirements and potentia solutions. The four stepsin this stage are: assess problem in detall,
specify godsin detail, specify approach in detail, and establish procurement procedures.

Integration Stage - Define the Sysem: Activities in this stage focus on the development of system design
specifications. The four stepsin this tage are: define the data, terminology and uses, create functiona
specifications, create technica specifications, and create user group specifications.

Phase 3 — Deployment

The end result of this phaseisafully functiond, operating system that has passed the Systems
Acceptance Test and a group of staff trained to operate the system.

Preparation Stage - Approve Design and Select Components. Activitiesin this sage culminatein an
approved system design ready for implementation. The four stepsin this Stage are: review and approve
the find system design, develop detailed implementation schedule, select procurement gpproaches, and
select hardware/software.

Integration Stage - Prototype and Deploy System: Activities in this Stage culminate in deployment of a
completed system including dl needed hardware and software. The four sepsin this sage are: integrate




datawithin and across functions and organizations, specify operation and maintenance procedures,
develop, ingal, and integrate subsystems, and train taff and educate users.

System Kickoff

The System Kickoff is the time of adjustment and shakedown that commonly follows deployment of a
new system. During this period, which in essence covers the Situation Audit and Needs Andysis Steps,
daff put their new training into practice and integrate the new system into the day-to-day operations of
the organization.

Phase 4 — Operations

The ongoing result of this phaseis an operationd system that fulfills day-to-day needs while
adapting/expanding to meet changing organizationa and public needs. Note that the system is now
integrated into the organization and so the tempord digtinction between the preparation and integration
stages is somewhat blurred.

Preparation Stage — Operate System with an Eye to Improvement: Activitiesin this Sage involve sysem
vdidation and ongoing system operations. The four stepsisthis sage are: evauate system, reassess
goals, reassess approaches, and reassess resources.

Integration Stage - Maintain and Upgrade System: Activities in this stage center on identifying and
making adjustments to meet changing needs and disseminating information to the public. The four steps
in this stage are: adapt to new data needs and uses, maintain and update procedures and services,
maintain and upgrade equipment, and reach out to users.

SYSTEMSINTEGRATION STEPS

The eight Stepsin the Systems Integration Mode are briefly described here. Each of these stepsis
undertaken during each of the four Phases. As noted above, the first four steps can be described asa
Preparation Stage within a Phase and the last four steps can be described as an Integration Stage. A
description of these steps on a phase-by-phase basisis provided during agenerd discussion of the
Systems Integration Process, which follows. In generd, these steps will be followed sequentidly.
However, many portions of the integration process are interwoven and both smultaneous activity
between steps and cycling between steps are common.



Step 1 - Stuation Audit

The purpose of the Situation Audit isto define the current state of the system and problem environment
(customer needs, legacy systems, geographic scope, inter-jurisdictiona scope, politica environment,
efc.). The Situation Audit provides the groundwork for setting long and short-term system gods and
lays the foundation for the work in the Phase.

Step 2 - Needs Analysis

The purpose of this step isto investigate and prioritize needs identified through the Situation Audit of
Step 1.

Step 3 - Approach Identification

The purpose of this step isto discover options available to the systems integration team and performing
apreliminary cost/benefit assessment of each gpproach to evauate how well they meet each need. (The
line between an approach and a resource — see Step 4 — is often blurred and can incdlude funding
sources, technologies, lega/politica avenues, and so on.)

Step 4 - Resour ce I dentification

The purpose of this step isto discover resources necessary to execute approaches identified in Step 3.
These resources include funding, skills and know-how, palitica authority, technology, hardware,
software, standards, training, and labor. Potentia barriers should aso be identified at thistime. (Theline
between an approach— see Step 3 — and aresourceis often blurred and can include funding sources,
technologies, legd/poaliticd avenues, and so on.)

Step 5 - Semantic Integration

The purpose of this step is to co-ordinate understanding among and between human networks and
mechanica networks. Identification, definition (when possble), and integration of persona incentives,
organizationd incentives, persondities, organizationd culture, terminology, inditutiona protocol,
mechanica protocol, mechanical compatibilities, interna relations, and pubic relations are consdered.
Step 6 - Functional Integration

The purpose of this step is to identify functiona specifications, both human and mechanicd, and
determine how they should be integrated. Procedures for operations and maintenance, services, team
roles and rdationships, data flows, and functional architectures are considered.

Step 7 - Technical Integration

The purpose of this step isto create detailed technica specifications for design and ingtallation of
integrated systems, both human and mechanical.
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Step 8 - User Integration

The purpose of this step isto help ensure that the system is accessible and user friendly, both internaly
and externally to the organization. Examples of user integration issuesinclude contractua agreements,
user specifications and training, aswell as public outreach.

SYSTEMSINTEGRATION PROCESS

The 32 cdlls (activities) of the systems integration process (8 Steps repeated for each of 4 Phases) are
described here. As previoudy noted, in generd, these cellswill be followed sequentialy. However,
many portions of the integration process are interwoven and both smultaneous activity between cdlls
and cyding between cdls are common.

Phase 1 — Planning

Cdl 1 — Perform Initid Stuation Audit (Planning Phase, Stuation Audit Step): The god of thiscdl isto
define the parameters of the problem environment, including the geographic, inter-jurisdictiona, and
political scope of the problem environment as well as the palitica environment and public vaues and
behaviors within the defined scope.

Cdl 2 - Set Goals and Acceptance Requirements (Planning Phase, Needs Andysis Step): The god of
this cdl isto identify and prioritize the needs that the deployed integrated system should address.
Moreover, goals with respect to these needs must be set and system acceptance specifications
generated, in the form of a preliminary systems acceptance test, as atest to show when a system has
met the identified needs.

Cdl 3 - Identify and Research Available Approaches to Solving the Problem (Planning Phase,
Approach ldentification Step): The god of this cdl isto identify available technologies, systems,
incentive programs, public outreach programs, zoning and other practices currently in use or
conceptudly available and applicable to the needs identified in Cell 2. The impact of exigting laws,
policies, tandards, data, heritage systems, taxes, etc. should also be considered. Cost- benefit andyses
should be undertaken to assess how well the identified approaches satisfy the identified needs. The risk
of failed deployment due to technical or political complexity should be included in the assessment. A
request for information (RFA) might be useful at this point.

Cdll 4 -Secure Long and Short Term Funding (Planning Phase, Resource I dentification Step): The god
of this cdl isto identify al the e ements that are needed for deployment (e.g., skills and knowledge,
organization, funding, technology, political support, and public support) and potentid internd and
externd sources for those eements (e.g., potential systems integrators, potentia contractors, available
in-house sKills, paliticd authorities, models of contractua reations). Plans/gods should be written into
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the Trangportation Improvement Plan. A Request for Proposals (RFP) should aso be developed and
published at thistime if the intent is to have an outsde systems integrator perform the work.

Cdl 5 - Identify and Sound-out Potential Team Members (Planning Phase, Semantic Integration Step):
Thegod of thiscdl isto identify and communicate needs, desires, motives, values, and behaviors of all
potentia team members and to create a common language among the diverse disciplinesinvolved in
gystems integration. I1f an RFP was published, then proposasin response to the RFP would be
evauated asthefirg activity in this cdl. Following thet, a glossary of terms and acronyms should be
compiled and ditributed adong with a description of each organization, which includes personnd and
their respective responsibilities. Findly, adidogue to discuss formdly and informdly the project vison
and persona and organizationa motivations, expectations, and concerns needs to be opened, i.e,
working groups with regular meetings need to be established.

Cdl 6 - Structure Team Roles and Relationships (Planning Phase, Functiond Integration Step): The god
of this cdll isto define and create the incentive and organizationd structure of the sysemsintegration
team. Firdt, team roles, responsihilities, and relationships are defined. Second, accountability and
incentive structures are created. This process may involve condg derable negotiation among the parties
involved.

Cdll 7 - Define Procedures and Duties (Planning Phase, Technical Integration Step): The god of thiscdl
isto create and define logigtics, benchmarks, contractua agreements, duties, procedures, meeting
schedules, and the like. Thistask should be amutud effort on the part of dl partiesto increase
understanding and team support of the project. The effort must include the accountability, incentive and
disncentive structures set out in Cell 6.

Cdl 8 - Sgn Contract(s) Between Public Agency/Agencies and Systems Integrator(s) (Planning Phase,
User Integration Step): The god of this cdl isto review, confirm and Sign key contractua agreements
necessary to begin deployment. Thisincdludes hiring additiond gtaff within the public organization if
needed.

Phase 2 - Design

Cdl 9 - Assess Problem in Detail (Design Phase, Situation Audit Step): The god of this cdll isto assess
in detall the specific functiond and technica issues, both human and mechanicd, of the sysem asiit
currently exists and asit is intended to exist. These issues should be related to the grester environment
assessed during the Situation Audit in the Planning Phase. Assessment of issues related to execution of
available approaches (identified in Step 3 of the Planning Phase) should be emphasized.

Cell 10 - Specify Godsin Detail (Design Phase, Needs Analysis Step): The god of thiscdl isto
complete in detal the assessment of needs that was begun in the Planning Phase and to specify godsin
detail. Needs related to the process of transferring the current system into a new integrated system using
the gpproaches identified during the Planning Phase should be emphasized.
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Cdl 11 - Specify Approach in Detail (Design Phase, Approach Identification Step): The god of this cdll
isto complete the cogt, benefit, and risk assessments of the most promising approaches (technological,
political, educationd, etc.) identified during the Planning Phase and to select and specify in detail one or
more gpproaches to be gpplied in the project. Possible modifications to and merging of available
approaches should be considered.

Cdl 12 - Edablish Procurement Procedures (Design Phase, Resource I dentification Step): The god of
this cdl is select specific suppliers, interna personne, and sub-contractors needed to deliver
executables. Functiond and technica specifications should be used aong with specifications of the most
promising gpproaches to assst during bid requests and internal assessment of capabilities.

Cdl 13 - Define Data, Terminology, and Uses (Design Phase, Semantic Integration Step): The god of
thiscdl isto define in detall the data, terminology, and data uses anticipated in the project. This activity
represents a continuation of the work begun in the Semantic Integration Step of the Planning Phase.
Issues such as use of data for planning should be finaized.

Cdl 14 - Create Functiona Specifications (Design Phase, Functiond Integration Step): The god of this
cdl isto identify potentid synergies, identify data flows (both human and mechanicd), and cregte
functiond specifications for the system.

Cdl 15 - Create Technical Specifications (Design Phase, Technica Integration Step): The god of this
cdl isto pursue design synergies, create Technicad Specifications for each approach, and finaize
Interface Control Documents.

Cdll 16 - Creste User Group Specifications (Design Phase, User Integration Step): The god of thiscell
isto create User Group Specifications for both system operators and end users.

Phase 3 — Deployment

Cdl 17 - Review and Approve Fina System Design (Deployment Phase, Situation Audit Sep): The
god of thiscdl isto match dl the idertified needs of the Stuation with the functions of the new system
design. Designers mugt identify functiona elements to be changed within the new design to better
address the needs. If significant changes are needed, the activitiesin the Planning Phase should be
repeated.

Cdll 18 - Develop Detailed Implementation Schedule (Deployment Phase, Needs Andlysis Step): The
god of this cdl isto synchronize deployment schedule and funding availability. Effort should be made to
identify synergistic opportunities between deployment desires and subcontractor availability and skills.
The systems acceptance test should aso be finalized at this point. This test should compare the system
againg the functiond, technical, and user group specifications developed during the Design Phase. The
test should also seek to identify whether or not the system appears to have the capability to meet the
needs identified in the Planning Phase.
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Cel 19 - Sdect Procurement Approaches (Deployment Phase, Approach Identification Step): The god
of this cdl isto finalize procurement gpproaches, e.g., phased purchasing and funding.

Cdl 20 — Sdlect Hardware/Software (Deployment Phase, Resource | dentification Step): The god of
this cdl isto findize hardware and software pricing, aswell as ddivery, indalation, and service
contracts.

Cdl 21 - Integrate Data Within and Across Functions and Organizations (Deployment Phase, Semantic
Integration Step): The god of this cdl isto review data definitions and terminologies and to trandate
them into complete, concise, and intdligible terms. Issues of interdepartmental use within an organization
must be addressed. Inter-jurisdictiona use issues must aso be addressed.

Cdll 22 - Specify Operation and Maintenance Procedures (Deployment Phase, Functiona Integration
Step): The god of this cell isto specify Operations and Maintenance procedures in complete, concise,
and intdligible terms and to integrate them with other adminigrative functions.

Cdl 23 - Deveop, Ingdl, and Integrate Subsystems (Deployment Phase, Technica Integration Step):
The god of thiscdl isto procure, ingdl, and integrate hardware and software systems. Integration with
other adminigrative functionsis aso to be undertaken at thistime. The integrated system must passthe
Systems Acceptance Test to complete this activity. That is, the systems integrator must be able to
successfully operate the system at this point.

Cdl 24 - Train Staff and Educate Users (Deployment Phase, User Integration Step): The god of this
cdl isfor the sysemsintegrator to train the agency staff who must operate the system and then hand of f
the system operation to them. Training for other system users and maintenance staff must be included.

System Kickoff

The Syslem Kickoff isthe time of adjustment and shakedown that commonly follows deployment of a
new system. During this period, which in essence is a combination of the Situation Audit and Needs
Analysis Steps, the system is debugged to ensure that it operates as designed and staff put their new
training into practice and integrate the new system into the day-to-day operations of the organization. At
the end of the kickoff period, the systems integration model spira curvesinto an ongoing circle of
activity.

Phase 4 - Operations

Cdl 25 - Evauate System (Operations Phase, Situation Audit Step): The god of this cdl isto determine
whether or not the fully functiona system actualy resolvesthe list of needsidentified during Planning and
Design Phases. (If theintegrated system successfully passed the systems acceptance tet, then it can be
sad to work asit was designed to work. However, due to uncertainties regarding the system, human,
and organizationd behavior, etc., a system that meets dl specifications till might not meet the felt need.)
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Cell 26 — Reassess Godl's (Operations Phase, Needs Analysis Step): The god of thiscdl isto revigt the
origind gods and determine if they are il vaid and/or sufficient.

Cdl 27 - Reassess Approaches (Operations Phase, Approach Identification Step): The god of thiscdl
is to continue to research and identify gpproaches to maintain and improve the system. The question to
be asked: |s there a new and better way to accomplish the gods? (The line between an gpproach and a
resource is often blurred and can include new funding sources, emerging technologies and approaches,
new lega/politica avenues, and so on.)

Cell 28 - Reassess Resources (Operations Phase, Resource [dentification Step): The god of thiscdl is
to continue to research and identify resources to maintain and improve the system. The question to be
asked: Isthere anew and better way to accomplish the goas? (The line between an approach and a
resource is often blurred and can include new funding sources, emerging technologies and gpproaches,
new lega/political avenues, and so on.)

Cdl 29 - Adapt to New Data Needs and Uses (Operations Phase, Semantic I ntegration Step): The
god of thiscell isto be actively aware of changing needs and emerging opportunities and flexible enough
to adapt to new data needs and uses.

Cdl 30 - Maintain and Update Procedures and Services (Operations Phase, Functiona |ntegration
Step): The god of thiscell isto continue maintaining and updating procedures and services.

Cell 31 - Maintain and Upgrade Equipment (Operations Phase, Technica Integration Step): The god of
this cdl isto continue maintaining and upgrading equipment.

Cdll 32 - Reach Out to Users (Operations Phase, User Integration Step): The god of thiscdl is
continued outreach to al current and potentia (direct or indirect) users of the system.

APPLICATION OF THE SYSTEMSINTEGRATION MODEL

The Systems Integration Modd laid out in this report provides a disciplined gpproach that coordinates
the traditions of traffic management with those of sysems engineering and integration. The Model is
intended as aguide to help State and loca transportation planners and managers deploy complex
systems, such as TS, by derting them to potential systemsintegration issues and solutions. Private
systems integrators, or private planners under contract to help the public agency sdect and monitor a
sysems integrator, should aso find the guide useful as a mechanism to better understand and
communicate with their public agency clients. Smply put, the modd can act as a platform for conveying
systems integration to public officias and for facilitating mutua understanding between the public
agencies and private companies, which often have different perspectives on the integration process.

Intheinitid stages of a deployment project the broad strokes of the modd “spird” are useful asan
overview of the integration process to help project managers, and other decision makers within a public
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agency, set the course of the project and negotiate with potentia partners. Once the project is
underway, the descriptions within each cedll of the mode can be used by less senior members of the
project team as a mechanism to identify potentia problems and their solutions and so keep the project
on track and on time. Moreover, the model can be used as a graphic checklist to track progress toward
a successful systems integration project.

A world wide web-enabled verson of the Systems Integration Mode has aso been developed. The
first god in creating the web version was to further clarify and promote the systems integration process
outlined here. The second god of the web-based version of the model is to enable a broader audience
of transportation practitioners to have access to these guidance materias. The third god isto invite
feedback from practitioners as to lessons learned during the systems integration process, whether the
mode was followed or not, and feedback as to how the model could be improved. Attachment A
presents a set of key graphics from this version of the modd.
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Attachment A: Web-Version of the Systems I ntegration M odel

To provide more convenient access to the Systems Integration Model, an interactive
web-based version of the model was developed using Macromedia Flash. This
attachment displays a number of screenshots from this version of the model. A floppy
disk containing the software version of the model is also included with this report.
Since the figures presented here duplicate the information covered in the body of this
report, and since the figure titles should be self-explanatory, no further description is
included in this attachment.

[0 ==—~————"— macintosh HrDesktop Foldersysintswi———————H2 B

e
Systems Integration Model

This web site introduces a Model of Systerns :
Integraton that can be used as a tool to guide 0 |ﬂifﬂdUEI’lﬂﬂ
ITS deployments, A model is nesded because

the problems focad in deploying an Intelligent

Transportation Systemn (ITS) are multifaceted.

The model is patierned after the suecessful S}ﬂ I(Ehn HE”
system nfegratian efferts in the FAST-TRAC

[Faster and Safer Trovel through Trafic Bouting

and Advanced Canirals] ITS Operational Test in
Oaklond Counly, an urhanized eounty in Mﬂdei
matrapelitan Datrait, Michigan.

Figure Al: Home Page of the Software Version of the Systems Integration Model
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Figure A2: Home Page: Introduction Icon Selected
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Systems Integration Model

Three main problems face any degloyment of :

ITS. First of all. an ITS is composed of |ﬂhﬂduthﬂn O Problems Faced
numerous disparate elements and so o syshems

integraten effort is essential to deployment O E{I ‘e S{'IJ'I:I:E‘I
siccess. However, the cydems infegration '
process is complex in and of itself and irvolves Si'ﬂ I(E‘hﬂ HE‘I’S

O Lessons Learned

numerous individual components hof are
dissimilar, e.q., in date laws, eammunientiong
pratecals, and physical eonnectivity. Secand,
tha staff of the government ranspartation
agencies that fund mast ITS deployments aften
sither have litle badkground in and for
experience with TS and /or the systems
integraton process. Third, in the past, public
agencies and systems integrators have not

. Model

o

e

Figure A2-1: Home Page: Introduction Icon Selected: Problems Faced Selected
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Systems Integration Model

This Systems Integration Model was based n :
port upon a case studyundertaken as port of |I'Ihﬂduthﬂﬂ O Problems Faced
:;_*;;ET—‘:FFAC (Fasier :‘i Safer Tn:l:l'gl i
[raffic Reuting Advaneed Confral
Phasz IV Evaluaton conducted forthe Road O (ose Shd o

Commission for Oakland County (RCOC. The Stakeholders O i leonel

case study focuses onthe systems integretion
B

aspect of the Transpariatian Infarmation
ManagementSystem [TIMS), which is the taal
developed under the direction of RCOC
taintegrate various Inh“igﬂri Transpertation
Systam |[TS] technalagies inOakland County
{Mickigan]. The TIMS is the canter of &
communicafionsnetwaork thot inte-grates
advanced fraffic control with trafficsur-

e

S

Figure A2-2: Home Page: Introduction Icon Selected: Case Studies Selected
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Systems Integration Model

A number of syslems integrafion lessons were | i d }

learned during the FAST-TRAC degdoyment. nrroaucrion

These lesscns, which are from the point of view O Problems Faced
of the government agency, were gleaned from O E{IS-E S{'U'I:IiE‘I

the comments of project parficipants during a
series of interviews ond a focus group session Si'ﬂ I(E‘hﬂ HE‘I’S O I | :I
Comments were generalized to a cerhin cisons Leame

eutent, sa the lescans represent a summary of
issues that might be useful te future system
Model

integration projects. The lessans are
cateporized as:

(1/identify and empawer jadequats siaffing,
funding, and poltical badking) a projact
champion,

e

S

Figure A2-3: Home Page: Introduction Icon Selected: Lessons Learned Selected
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Figure A3: Home Page: Stakeholders Icon Selected
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Systems Integration Model

Systerns Integration projects can include o wide :
veriety of pulicstakeholders. 0 |ﬂifﬂdUEI’lﬂﬁ
A brief list of potential stakeholders could
include:
Stakeholders — () ph1

Federal (Congress, DOT)

State [Legislaturs, DOT) :

Eﬁginn:F[Ml‘ﬂsﬁ . " O Private

Lacal [Cities, Counties) :
Mod: (O Detailed listing

For example:Traffic Operations
Emergency Services

Low Enforcementl

Transit Operators and Users

S

Figure A3-1: Home Page: Stakeholders Icon Selected: Public Selected
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Systems Integration Model

Systerns Integration projects can include o wide :
veriety of privatestckeholders. 0 Int rnduchun
A brief list of potential stokeholders eauld
include: Sl' k |'| H
aKenolaers O FlJIJ| C

System Integrator

Elecranics Industry i
Insurence Industry O F“'u'ﬂl ¢
Commumnicolion Service Providers Mﬂdei

Automotive OEMs and Supplisrs (O Detailed listing
Sofhware Vendors

Private Maotorists

Trucking Operators and Shippers

General Public (Including Non-users)

S

Figure A3-2: Home Page: Stakeholders Icon Selected: Private Selected
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Twe levels of stakeholders are involved in
the systems integration process. First, the
operating ogency [ar ageneies), the systems
integratar, and the vendars ara Jr&rﬁ'_.r
involved. These are the srganizations that
FUl'l'ilE system Il:ge‘l'l'rer and make itweorl.
Second, sarvice providers [puuic or
private], sther laeal agencies, ond state
and regional agencies are also invalved.
servics providars may be assaniial
channels for the distribution of project
infermatien or may wich to purchass date
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&

Figure A3-3: Home Page: Stakeholders Icon Selected: Detailed Listing Selected
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Figure A4: Home Page: Model Icon Selected
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Systems Integration Model

The model of systers integrafion presented :

T il of oy hersin roariod I Infroduction

lessons learned from FAST-TRAC about

prerequisitzs for a suceessful systems

integraton effort. The lessons learned were

thzn eldborated upen and expanded using Si'ﬂ I(E‘hﬂ HE‘I’S

general principles of systems integraton from

tha literatura. The recult is a modal that

deseribes 0 generalized epproech ta systems @ d 1

integration. In addiion to the cells partrayed e v T
by the model, three :w'r!rurci'ling isiles ore Mﬂ - o BI l'Ehn.:]

significent: |1] champisns, () eammunication, -
and |3) cooperation. These issues affect zach O U?EWlE‘W
A cell of the medel and must receive dus
- cansideration throughout the process for the O chess

EE

S

Figure A4-1: Home Page: Model Icon Selected: Briefing Selected
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The spiral Model is composed of
four Phases (rings)

I, Planning

I Design

ll. Deployment
I¥. Operalions

* shaw all

Note thot each of the four phases
are split into o Preparation Stage
and an Integration Stoge,

§

Figure A4-2: Home Page: Model Icon Selected: Overview Selected
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The spiral Model is composed of
four Phases (rings)

I, Planning

I Design

ll. Deployment
I¥. Operalions

. }15'-‘.-' a “

Note that sach of the four phases
are split into o Preparation Stage
and an Integration Stcge,

EE

Figure A4-2-1: Home Page: Model Icon Selected: Overview Selected
Show All Model Phases Selected
(Note that the items on the left can be sdlected to
disolay more information relevant to thet topic.)
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The spiral Model is composed of
four Phases (rings)

I, Planning

I Design

ll. Deployment

I¥. Operalions
= show all

Note that sach of the four phases
are split into o Preparation Stage
and an Integration Stcge,

EE

N

Figure A4-2-2: Home Page: Model Icon Selected: Overview Selected:
Show All Pie Slices Selected
(Note that the items on the left can be sdlected to
disolay more information relevant to thet topic.)
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The Model's activities hove been
Inid out in @ sequential manner
dlong the spirdl. That is to say, the
model is *read” os o sequential set
of achivities fthe Eighl‘jhps
repaatad Four times) that spirel into
the bulls-eye of a successfully
operating system. To follow the
process, start ot the bottom left side
of the systems intagrotion spirol
and proceed clockwise.
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Figure A4-3: Home Page: Model Icon Selected: Process Selected
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Cell 1 - Perfarm Initial Stuation Audit £ am i 3
ﬂ"unnihg Phase, Situation Audit El‘ep]: =

The gool of this cell is to define the

porometers of the problem

smvirenmant, ir'i:ll.u:iing the gw-gr:tpl-li:,

intar-jurisdichional, and polifical scone

of tha preblem snvirenment as well as

the pu|iﬁl:u| anvironment and puHi:

values and behaviers within the

defined stope.

n

Z
S
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Figure A4-3-1: Home Page: Model Icon Selected: Process Selected: Cell One Selected
(Notethat any cdll of the spiral can be selected to
disolay more information relevant to thet topic.
The sameistrue for many of the other blocks of text
on this page of the interactive modd.)

33




